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The dairy subsector of agriculture is the fourth largest subsector in agriculture (Qi et al.,
2015). The annual loss due to heat stress in the livestock industry is estimated around $1.69$2.36 billion with the dairy industry incurring around $879-$1500 million of those losses (StPierre et al., 2003). This loss can grow and become more of an issue as climate change and its
effects becomes a more noticeable and prevalent problem in agriculture. This thesis will examine
the effects of weather on the dairy production as well as examine the dairy industry in two
different states, Texas and Pennsylvania. Pennsylvania being deeply rooted in dairy production
being a main supplier of dairy. Texas being an up-and-coming dairy state that has seen
significant growth in the past several years.
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CHAPTER 1
INTRODUCTION
Dairy farming has been in the United States since its beginning at Plymouth Rock. It is a
demanding sector of American Agriculture because cows need to be milked in all types of weather.
It is labor intensive, costly, and requires creative management to remain profitable. Milk is an
important part of agriculture particularly in the state of Pennsylvania. With a rich history of
traditional Amish Farmers and a culmination of different size operations. Texas’ dairy sector has
seen a period of rapid growth in the past several years, seeing the largest growth in the panhandle
of Texas.
Both Texas and Pennsylvania are far different climates to raise a sustainable dairy farm.
The weather in Pennsylvania is more of a traditional four-season climate seeing summer, fall,
winter, and spring. Texas has more aired climates that tend to hold steadier and see fewer dramatic
swings in temperature as would be seen in northeastern states. This paper will compare Texas and
Pennsylvania’s milk sectors as well as US dairy production while also exploring weather
abatement to lessen its effect on production. The main task of this paper, like many other papers,
will be to examine the question, how temperature affects dairy production?
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CHAPTER 2
REVIEW OF LITERATURE
Areas where climate is favorable for dairy production offer a comparative advantage
providing a positive impact on productivity (Heesun & Xiaodong 2013). However, climate
change is expecting to bring about more dry years. As the frequency of dry years increases the
number of wetter and more productive years will be fewer. This will lessen the buffer from good
years to help through dryer years (Browne et al., 2012). The dairy industry is profitable, but
profits are drastically lower as the amount of rainfall lowers (Brown et al., 2012). The lack of a
buffer provided by better years as a result of more rainfall means that farmers will need to plan
and prepare for longer more extended periods of low production.
US livestock industries see economic losses from temperatures due to location and season
that the livestock is raised in. The losses come from when temperature raises or lowers outside of
the “zone of thermal comfort (ZTC).” The exact loss and effects of heat stress on dairy cow’s
production is difficult to pinpoint due to a variety of natural and managerial variations in
production. Heat stress effects several areas of dairy cows. It has an effect on the reproductive
system causing fertility issues in both males and females. The result is lower reproductive
performance (St-Pierre et al., 2003). The lowered reproductive success results in fewer cow
pregnancies which results in fewer cows lactating and a reduction in milk production.
Dairy cows can also experience a higher frequency of mastitis as well as other infections
related to udders due to deficiencies in normal defense systems that fight against infections,
which occurs during hot summer months. There is also an increase in mortality rate during hot
summer months due to increase in heat stresses (St-Pierre et al., 2003). Higher increase in
infections means more wasted milk and lost opportunity cost in the form of time that has to be
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allocated to caring for the animal, possible veterinary bills, and the outright loss of a cow that has
succumbed to heat.
To add another layer of complication to the effects of heat stress is dairy cattle’s ability to
acclimate and build tolerance to stresses caused by heat. Acclimation and tolerance can vary
widely due to genetics, nutrition, and management strategies (St.-Pierre et al., 2003).
A key indication of heat stress experienced by a cow is the Temperature Humidity Index
(THI). THI is a measure of comfort level traditionally used in studies on mammals like dairy
cows. The annual mean of the THI is increasing the quickest in the northern regions of the U.S.
according to the makeup of regions in “Projected Heat Stress Challenges and Abatement
Opportunities for U.S. Milk Production,” Pennsylvania is in the Northeast region. While the
greatest annual loss per cow is seen in the west, southwest, south, and southeast regions. Texas is
included in the South region. This makes the Southern United States in the most need for
abatement technologies (Gunn et al., 2019). The rapid increase in the Northeast region will mean
that abatement equipment might be required soon. The rapid increase also indicates that this is a
new problem that producers are forced to now face.
As temperatures and humidity rise above and out of a cow’s “thermoneutral zone” the
cow will naturally divert energy to body temperature regulatory activities as opposed to using
that energy for activities more desirable such as milk production, growth, or reproduction. This
results in a lower yield from the overall dairy herd. The lower yield loss could grow from 0.6%
in 2010 to 1.4% in 2030 (Gunn et al., 2019). During hot summer months air humidity as well as
temperature affect feed efficiency and milk production due to the cow’s extent at which heat can
be dissipated. During cold or extreme cold a cow’s efficiency is reduced due to the fact that
energy is used to maintain body temperature. The result is less milk and higher feed costs as well
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as milk with a higher fat content. However, in the US extreme cold conditions are limited to the
Northern US (Qi et al., 2015). Heat stress can occur in both Texas and Pennsylvania, while cold
stress will be more prevalent in Pennsylvania.
According to “From cold to hot: Climatic effects and productivity in Wisconsin dairy
farms,” a (1o C) increase in summer led to a 4.52% loss in production and a 3.04% loss in the
fall. The general increase in spring and winter temperatures has positively affected output but
that same increase was detrimental during the summer and fall months. So, warm temperatures in
summer hurt production, while warmer temperatures in the winter aid production. An increased
precipitation harms production. The increase in temperatures due to climate change will have a
negative impact on the production (Qi et al., 2015). Future changes in the climate and the strains
on cows could result in a relocation of dairy farms (Key & Sneeringer 2011).
Precipitation during the summer and fall months has little impact on the production losses
or increases. However, more precipitation in the spring and winter months had a negative impact
on production. Spring saw 0.62% loss in production with a 1cm increase of precipitation while
winter saw a 1.6% loss under the same circumstance (Qi et al., 2015).
While climate conditions can affect cow’s production ability. When weather conditions
are unfavorable there can also be a loss from the perspective of feed supplies such as forage and
silage crops (Qi et al., 2015). There may be a supply issue for certain types of forage crops
traditionally fed to dairy cows. This shortage, however, can be combatted through the use of
supplemental feeds. Dairy farms that had a ration consisting of higher amounts of supplemental
food saw higher profits than those farms that relied more heavily on feeding from pastureland
(Brown et al., 2012).

5
CHAPTER 3
WEATHER DERIVATIVES AND ABATEMENT
The dairy industry feels the effects of weather on a more daily basis. For instance, high
heat and humid conditions can cause a quantity and quality reduction in production. (Chen,
Roberts 2004). Mitigation and management of these kinds of stressors can be done through
modification of housing or management practices. This tends to lead to a higher cost of
production (Key & Sneeringer 2001). The addition of fans in buildings, or removable sides that
allow more airflow through the building are examples of housing modifications that can help
deal with the heat stressors.
There is the option to use weather derivatives. Weather derivatives set themselves apart
from others financial derivatives. Weather as an asset is not tradable, it is a hedge against volume
risk with calculations made of a weather index as opposed to hedging against price risk based on
the price of the commodity, and finally weather derivatives have a low liquidity rate compared to
other derivatives. A weather derivative’s advantage is proof of damage or loss has incurred is not
needed to claim payoffs, thusly eliminating any moral factor that might arise from trying to claim
losses. Also, the near perfect symmetry of information regarding weather helps to eliminate
mistakes in hedging (Chen, Roberts 2004). The lack of proof of loss and a decrease in quality to
milk produced makes this technique of risk management a viable option to maintain profitability
against a climatic change. This type of risk mitigation strategy allows for a farmer to hedge
against one of the great unknowns of farming, weather.
Dairy farmers have the option to use abatement equipment such as fans, misters, and
other devices that can prevent or mitigate the effects of hot humid temperatures. However, the
use of both abatement technologies and derivatives in conjunction with each other will yield far
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better results compared to sole reliance on abatement equipment. Using both at the same time
also mitigates the high initial cost of purchase, installation, and maintenance of equipment
(Chen, Roberts 2004). Great care and research will need to be done by the individual farmer to
choose the proper combination of derivatives and abatement equipment or either one.
In absence of abatement equipment, states like Texas and other southern states where
weather conditions annually have temperatures and humidity levels that will result in heat stress
will see a greater impact from weather. Milk production loss in Pennsylvania was found to be
321 kg/cow per year compared to Texas, which was 2007 kg/cow per year (St-Pierre et al.,
2003). The Southern United States is in the most need for abatement technologies including
Texas (Gunn et al., 2019).
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CHAPTER 4
U.S. DAIRY PRODUCTION
Prior to the late 18th century dairy farms were located in rural and remote areas and were
small1. Their size and location allowed them to meet the demands of personal and local markets.
As migration from rural areas to urban areas began, people in urban areas wanted milk. This
demand created the need for a third party, a “middle-man” to deliver milk from the farm to the
urban markets. Pricing in this model was based on negotiations between a farmer and the buyer.
Later as infrastructure grew, urbanization took place, and a larger population meant the
system developed into a larger more standardized system where farmers sold to a few large fluid
handlers. This system dominated until producers started to form cooperatives that helped to
facilitate better milk prices through negotiations. They also provided steady markets for
producers and were mostly situated around eastern cities. Cooperatives had varying degrees of
success at helping to ensure better prices for producers.
Early cooperatives took the approach of labor unions and went on strike. This often
involved withholding milk or dumping milk. It was an effort to restrict supply with the most
famous being in New York City in 1883 creating a “milk famine” in the city. These created short
term effects due to processors and distributors having better and more complete picture of the
market based on a better flow of information. This strategy was hindered by the fact that farmers
have a more independent approach to operating. It was also hindered by the spatial barrier of the
industry. These types of scenarios were also short-term shocks to the supply market. The higher
prices due to shortages would not last very long.

1

The discussion on based around the history of US milk production was primarily taken from the Pennsylvania
Legislative Budget and Finance Committee (2019).
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The Capper-Volstead Act of 1922 provided protection from federal anti-trust actions and
made cooperatives less risky. This act also helped to provide a framework for pricing in the dairy
industry. As milk prices rose due to the success of cooperatives there was leftover milk not
needed for fluid production. This led to the development and use of milk classes which were the
base of government intervention in the 1930’s.
More direct government intervention began in 1933 with the Federal Milk Marketing
Orders (FMMO). This gave permission for marketing agreements, and it also created licensing
for processors. The USDA was given the authority to provide a minimum milk price after
amendments were made in 1935. FMMO’s help to stabilize and make the milk market more
uniform for producers and consumers. For producers, treatment in the marketplace is fair and for
consumers the supply is “consistent and adequate.” This type of system allows for unique issues
of dairy producers to also be met while also posing the potential risks and problems associated
with price floors in a market.
Today, US Agricultural sectors are experiencing structural changes and the US Dairy
industry is no exception.2 There is a trend of fewer and larger farms, a shift from traditional dairy
producing states westward and southward, along with significant exit and entry from the small
and medium producers. The small and medium farms exiting the dairy market might have only
stopped dairy production and shifted production to other more profitable products.
The trend of farms growing allows them to meet economies of scale and have an
opportunity to reduce cost. On the flip side farms might be operating on less more limited land
which could cause an environmental problem. As farms become larger, smaller farms will face

2

The remainder of the discussion on US milk production was primarily taken from Spatiotemporal Analysis of
Dairy Farm Productivity, Size, and Entry-Exit in the US (Heesun & Xiaodong 2013)
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consolidation. The growing dairy farms are able to increase by absorbing herds from exiting
farms as well as absorb equipment and maintain overall production.
Smaller farms, however, also have an advantage of a more self-sufficient business model
with farm raised inputs like feed as well as family labor. Large farms are more likely to purchase
feed needed as well as have to hire labor creating costs that family farms might not have to
endure. This means that family farms might be able to better withstand harder economic times.
The shift from small to large, family to corporate is not happening all at once and smaller farms
might have to grow to meet economies of scale to maintain profit and a competitive position.
In the US, farm size varies from region to region. Such as Pacific and Lake States
maintain a higher productivity. However, emerging dairies have high production but have a
higher rate of exiting. Dairy farm productivity is reliant upon size, the more cows the more the
production. However, productivity follows a bell curve, meaning productivity will decline after a
certain herd size is reached. Size matters, once a farm becomes to big production declines and an
economies of scale is met. Heesun and Xiaodong found that farms greater than 1,500 cows see a
decrease in productivity. Farms this size are less likely to exit, however probably due to sunk
costs.
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CHAPTER 5
PENSYLVANIA MILK PRODUCTION
The USDA’s April 2020 “Milk Production, Disposition, and Income 2019 Summary,”
Pennsylvania had 490,000 dairy cows. These cows were producing an average of 20,629
LB/head/year. The total production for 2020 was 10,108,000,000 LB. The value of the milk
produced was $1,950,844. Pennsylvania is considered to be in a traditional dairy producing state
and has an average herd size of 150 head (Northeast (Heesune & Xiaodong 2013).
Pennsylvania in 2017 (Census Year), dairy was the number one contributor in the
agricultural sector accounting for 25.5% of agriculture sales 3. The dairy industry employed
45,029 employees in 2017. Their total wages accounted for $1.81 billion while the total
economic impact was $8.90 billion.
In Pennsylvania, Lancaster County is where dairy farming is most prevalent. There are
over 9,000 jobs created there by the dairy industry. Franklin County is second with the creation
of 4,377 jobs. Overall, in the state, for every 12 cows one job is generated that is related to the
dairy industry. It is important to note these jobs are not all at the farm level. This makes dairy
extremely prevalent and important to the economy in rural areas.
Per the Legislative Budget and Finance Committee (LBFC) (2019), “Pennsylvania is, in
fact, experiencing one of the longest sustained periods of low producer milk prices for milk,
which is clearly a crisis for all dairy producers,” (p. 67). The LBFC also found that though prices
are at a “crisis” level production has increased. This is exactly opposite to the traditional supply
and demand model. However, the with the continued advancements in farming practices
mentioned earlier this is not out of the question over a ten-year period.

3

For the remaining discussion on Pennsylvania milk production the Pennsylvania Legislative Budget and Finance
Committee (2019) is used as it provides a recent and well rounded picture of Pennsylvania Dairy.
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Pennsylvania is, however, losing its capacity to produce milk. From 2008-2018, a 5.2
percent decrease in dairy cow population has occurred along with a 19 percent decrease in the
number of dairy farms. This trend is accompanied by the prevalent push for vertical integration
with larger operations.
Unique to Pennsylvania, and much like the Federal Milk Marketing Orders, the
Pennsylvania Milk Marketing Board (PMMB) functions similarly to the national level, breaking
Pennsylvania into six marketing areas and has two main goals according to the Pennsylvania
Legislative Budget and Finance Committee (2019)
1. “Ensure the prompt payment to Pennsylvania’s producers for milk produced in
Pennsylvania
2. Administer a comprehensive milk pricing program that enhances farm milk price,
while at the same time providing a fair and competitive price for consumers” (pp. 3839).
Their most important role in Pennsylvania dairy is their milk pricing program which sets
minimum prices for producers, wholesalers, and retailers. There has to be equal consideration to
all three when setting prices and is done by a complex process. This is unique to most of the
country and is a huge amount of government intervention in the industry.
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CHAPTER 6
TEXAS MILK PRODUCTION
One of the top milk producing states is Texas. Texas farms produce more than double the
average farm in regions like Lake States, Corn Belt, and the Northeast (Heesune & Xiaodong
2013). The USDA’s April 2020 “Milk Production, Disposition, and Income 2019 Summary,”
Texas had 565,000 dairy cows that produced 24,513 LB/head/year. The total production was
13,850,000,000 LB. The value of milk produced was $2,645,350.
According to “The Texas Dairy Industry Continues to Grow” an article published by
Texas A&M AgriLife Extension, between 2002 and 2019 the Texas dairy industry has
experienced an increase of 8.55 billion pounds (160%). This is the largest in the US and the
increase moved Texas from number 10 to number 5 in top producing states. The majority is
produced in the Texas Pan Handle, an area in the northern Texas. There has also been a similar
growth in milk production in the eastern region New Mexico. These two areas accounted for
around 10% of the US milk production. This growth is much different compared to the loss in
capacity in Pennsylvania (Spencer & Piñeiro2020). This large increase and economic impact
make Texas milk production an extremely important economic factor in both Texas agriculture
but also the state.
The reason for this growth can be attributed to the increase in Dairy cows in the state
going from around 310,000 in 2002 to over 580,000 in 2019. The majority of these 580,000 head
reside in the Panhandle of Texas. The movement of farmers from the west coast accounts for
most of the growth in the region. However, it can also be associated with movement from other
states and some movement in Texas to the Panhandle (Spencer & Piñeiro2020). This movement
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from the west coast could be due to increased regulations and pressure from environmental
legislations and consumer feelings on the west coast.
With this massive increase, Texas has areas that can be improved upon. The industry
could utilize and add the use of automated and precision technologies to aid in daily tasks
associated with dairy production. Development of Extension programs that are aimed at training
farmers, farm managers, and farm workers on practices that promote sustainability, animal
welfare, and overall better management. This can also extend into educating youths through the
use of field trips and job opportunities. There can also be more research into ground water use,
the use of drought tolerant crops, and nutrient management (Spencer & Piñeiro2020). These
improvements could be carried to any state where dairy farming is prevalent. The development
of programs to help farmers through education is particularly important due to the large increase
in production, new/first-time dairy farmers in the area, and the relative lack of resources for dairy
farmers in the area.
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CHAPTER 7
SIMILAR STUDIES
Similar studies have been conducted in the agricultural industry looking at similar
variables and factors that go into production. Many studies have been done looking at the corn
belt and the result of weather on yield.
In “Use of Real-Time Multisensor Data to Assess the Relationship of Normalized Corn
Yield with Monthly Rainfall and Heat Stress across the Central United States” by Nancy E.
Westcott, Steven E. Hollinger, and Kenneth E. Kunkel the use of rainfall data and temperature
data was used in a regression model to better understand the relationship between weather and
corn yield. By running their analysis they found that rainfall in May and July were significant.
Similar to dairy cows there is a heat-stress days, days above 90 degrees Fahrenheit. The number
of days above this temperature affected yield along with the amount of rain fall (Westcott et al.
1672). The findings in this study provided some help to show impact months along with
thresholds that affect corn yield. This type of analysis can be used on different commodities that
have similar factors that go into production (yield) for other agricultural products.
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CHAPTER 8
DATA AND METHODS
The data for this regression analysis requires data to be collected for both Texas and
Pennsylvania. The data collected for each state was milk production in pounds/head/year and
temperature from 1930-2020. Milk production data was collected from the USDA National
Agricultural Statistics Service. This data is the production measured in pounds per head and is a
figure published monthly as well as with a yearly total. Weather data was collected from the
National Oceanic and Atmospheric Administration. The data is the monthly average temperature
in degrees Fahrenheit.
Before beginning to analyze the effect that temperature has on milk production it is
important to realize that milk production has steadily risen from the beginning of the data set in
1930. Figure 1 shows Pennsylvania yearly milk production per cow per year from 1930-2020.
Figure 2 shows Texas yearly milk production per cow per year. A trend line is used to help
establish that there has been a relatively continuous improvements in quantity produced. The
graphs will help to illustrate that after 1970 production began to increase substantially and will
be when the multiple regression model will begin.
The model that will show the relationship between temperature and time (independent
variables) and their effects on milk production (dependent variable) will be a multiple regression
model. The multiple regression model will help to draw how a one degree change in temperature
and a year of time will affect overall milk production. The model will also start with the data
from 1970 because of the previously mentioned increase in production based on various factors.
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CHAPTER 9
RESULTS
The overall trend of the dairy industry in Pennsylvania and Texas is outlined in figure 1
and figure 2. Figure 1 shows Pennsylvania's yearly milk production in total pounds per head. The
trendline shows that y = 203.85 x - 390,803. It can be expected that milk production is rising by
203.85 pounds per cow per year in Pennsylvania. Figure 2 shows Texas yearly milk production
in total pounds per head. The trendline on the graph is as follows, y = 253.2 x - 489,373. It is
expected that milk production should increase by 253.2 pounds per cow per year in Texas. This
helps to establish the fact that milk production has been increasing due to better genetics and a
multitude of other factors despite the changes in weather.
For Pennsylvania the time variable has a significant impact on milk production due to a Tstatistic of 34.74 with a coefficient of 240.15. Based on this result, for every year of production it
is expected that lbs./cow/year will increase by 240.15 pounds. For Texas the time variable has a tstatistic is 28.74 with a coefficient of 314.57. This indicates that for every year of production cows
are expected to produce an additional 314.57 Lbs./cow/year.
For Pennsylvania the only the month where temperatures had a significant impact on
production was January. January had a t-statistic of 2.06 and a coefficient of 37.96. For every onedegree Fahrenheit increase in temperature there was a 37.96-Lbs./cow/year increase in production.
For Texas the months of significance are March and June. March had a t-statistic of 2.75
and a coefficient of 108.74. So, for every increase in degree Fahrenheit there is a 108.74
Lbs./cow/year. In June the t-statistic is 2.48 with a coefficient of 161.79. So, for every increase in
degree Fahrenheit there is an increase of 161.79 Lbs./cow/year.
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CHAPTER 10
DISCUSSION
The results of this study show the relationship of what temperature and time has on
annual milk production in pounds per cow. Time has a consistent and significant impact on milk
production per cow. The results of time illustrate a culmination of factors. It mainly accounts for
the constant development and implementation of technology. Technology could be improved
artificial insemination, computer tracking, and better ration design.
The time coefficient for Pennsylvania is 240.15 and for Texas it is 314.57. The difference
in the two states could result from the fact that Pennsylvania is an older dairy industry continuing
to use older practices and is slower at adopting newer technologies. With Texas’ dairy sector
being a relatively new and up and coming they are probably more likely to adopt new
technologies that utilize computers and automation on the farm as well as other newer practices
The impact of temperature on production seemed to have generally little impact on
production except in January for Pennsylvania and March and June in Texas. In Pennsylvania,
where January is the only moth where temperature has a significant impact on production
producers may want to invest in abatement equipment that helps to keep cows warmer. The
significance of temperature in March in Texas maybe related to the fact that pastures are coming
out of dormancy providing a better feed source for cows. The significance of increase in
temperatures in June is unclear and there is no clear indication of why it affects production.
The results of little impact that temperature has on total annual milk production per cow
could mean that abatement technology have already been adopted on farms and the affects of
temperature are being efficiently dealt with already. As new dairy farms are designed, and older
ones are updated the consideration for how to maintain cow comfort most efficiently by
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implementation of abatement practices should be a major consideration in new buildings and in
when updating old buildings. Future research could examine the years prior to 1970 as this paper
did not do. Prior to 1970 abatement technology might not have been as widely used on farms and
temperatures may have a greater impact on milk production.
The results from this study help to portray two different climates where farmers are
operating dairy farms in the United States. The results of this study can help to inform
management decisions not only in Pennsylvania and Texas but also in other states with similar
climates. For instance, Pennsylvania’s climate is similar to New York’s climate and Texas’
climate is similar to Oklahoma’s.
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APPENDIX
Table 1: 1970-2020 Pennsylvania Time Series Regression Output
Intercept
Time
JAN
FEB
MAR
APR
MAY
JUN
JUL
AUG
SEP
OCT
NOV
DEC
R Square

Coefficients
9894.72
240.15
37.96
6.64
-14.17
22.26
0.45
67.77
-73.95
-12.90
10.63
-38.96
34.66
-5.69
0.98

Standard Error
5279.40
6.91
18.46
18.61
22.81
36.58
30.22
52.82
46.90
46.12
45.81
33.81
27.80
20.70

t Stat
1.87
34.74
2.06
0.36
-0.62
0.61
0.02
1.28
-1.58
-0.28
0.23
-1.15
1.25
-0.27

P-value
0.07
0.00
0.05
0.72
0.54
0.55
0.99
0.21
0.12
0.78
0.82
0.26
0.22
0.78

Table 2: 1970-2020 Texas Time Series Regression Output

Intercept
Time
JAN
FEB
MAR
APR
MAY
JUN
JUL
AUG
SEP
OCT
NOV
DEC
R Square

Coefficients
1238.68
314.57
-4.07
-54.51
108.74
-9.75
-98.00
161.79
-1.20
-0.35
23.96
-63.96
-7.35
25.01
0.99

Standard
Error
9831.81
10.94
35.28
36.12
39.51
43.85
59.06
65.18
68.07
76.65
57.26
71.28
34.74
37.11

t Stat
0.13
28.74
-0.12
-1.51
2.75
-0.22
-1.66
2.48
-0.02
0.00
0.42
-0.90
-0.21
0.67

P-value
0.90
0.00
0.91
0.14
0.01
0.83
0.11
0.02
0.99
1.00
0.68
0.38
0.83
0.50
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Figure 1: 1930-2020 Pennsylvania Yearly Milk Production

Figure 2: 1930-2020 Texas Yearly Milk Production
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